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Research on robot navigation integrating Theta™ and DWA algorithms
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Abstract: To achieve high-precision and highly robust path planning for mobile robots in complex scenarios, this paper proposes a hybrid
path planning method that integrates an improved Theta™ algorithm with the dynamic window approach (DWA). Firstly, the global path
planning Theta™ algorithm is optimized by introducing safety distance constraints, an adaptive neighborhood expansion strategy, improved
line-of-sight checks, and B-spline curve smoothing, thereby enhancing path safety and smoothness. Secondly, the local path planning
DWA algorithm is improved by incorporating a fuzzy logic control-based dynamic parameter matching mechanism, velocity change
curvature constraints, and first-order low-pass filter smoothing optimization to suppress velocity fluctuations. Finally, the two algorithms
are deeply integrated within the robot operating system ( ROS) move _base framework to achieve synergy between global and local
planning. Simulation results show that, compared to the traditional Theta algorithm, the optimized version increases the minimum safety
distance by 10.36%, reduces the number of path nodes by 27.27%, and optimizes the path length by 2.43%. Compared to the
traditional DWA, the improved version enhances path smoothness by 77.78%, reduces high-frequency variance by 90.91%, and
decreases planning time by 3.12%. Real-world experiments further verify that the integrated algorithm effectively maintains safety
distance and ensures motion smoothness in environments with both static and dynamic obstacles.

Keywords : mobile robot; path planning; dynamic obstacle avoidance; Theta™ algorithm; dynamic window approach

Yk H 4. 2025-12-18 Received Date: 2025-12-18



-310 - LSRR R e o

40 &

0 35l

il

AR B REHLAS N5 A S B EOR C R e, HAE
Tl A h ik EREP R S AT A SUEURH B 2 AL 55
X SRS B R R S v R R B R, TR
FErh, BAE MR AP RERC B SCHEE R, B AL &%
N5 BB RGN IS SRR AT R e KA R g
R S SR, FESEBRN F SE AR R B o B AR R
KW FEATS I i 2275 TR OPR R

ARAE LA AT SR 5E 0 RN B2 K FLR 2 9 AN
[e) , SUAT B A IR D 12 28] 43y 4 Sy AR AR | S T %
PRI A T 42 J5y SR Bk A R 3 2K FE R AR
B i, H AR ALHE Dijkstra 5275 (A" 5575  Theta®
SR R P 2R B BLAY AL 5323 (rapidly-exploring random
tree star, RRT* ) 255 | Hi Theta " BVE/E N AT B0
P R R A A R 00 (R e ok IR A I Ak B AR
TP USRS R RE
Ty, P e R T P 2 Y . I SE Theta ™ 55
EIN G s W SR e s 7S b =t AT R W& €5 Y i
LA 5507 R IF , An 3% 42 1 Risk Theta ™ 51
15, 38 20 )l T A 05y 1 4 A 455 XU, 9 A B A 1 R
SUR I vt A (¥ RPN ol W 6 270 W X U
PRI Z IR N AE ST . BRIEPR AR i 2o et AR
2 (line-of -sight , LOS ) A5 I 77 % $2 w5 BR AR 1 Al AT 1, 48
17, R 7 22 0 T LR 2 LA SRR 5 PR 3R A %5
D MHILES N2 Bl 27 2 T % 22 4 B B8 e — A 1) g BE iR A T
RGNS, BRI BRARAE 2 BRIAT P AT A7 A8 0 30 o
W A AR,

J PR AR AN 32T ) B S PR T 10 S SRR i
h¥a i, b 3 A % 0 3 ( dynamic window approach,
DWA ) J& BRI 1% )5 1% 38 3 7 3 3 25 i) SR AR T A7
MG IFES G 2 H AR IE O pR R AT 9050 0 i | BR S 7
T8 132 202 2 SR ) g S SHXT 2 285 B 5 40 %) PR o 7
FEXHL4E DWA kA 2, B AU SEL H & L F
Wr ek B & 2 29 R fil & 25 05 R AT T 2, Kumar
SRR AR B s ) S B PPN PR BB R 1 Bh A TR
Montemerlo 25" 38 32 22 B8 IAS ke S ML i 452 T4 il - ot
PES L, RIS, A I AR 2 50 S 80%
FE PREEE IV RE AT R, BAE SR 48 5 rh b ) B 4 4
Besh , m RGRRE T

eI A R B ek 5 SRy R S, ST N B — 2P
P& K4 AR B VE 5 DWA BEAT G Y A2 FL R
W INAZESED MG AT S DWA BB T
JE N T M BE, Dai B AR 51 A IS 3 2 2 Uk
Theta " 3% (3Rl 5 DWA VREE @A DLSEEE K A2 5 4%

Hl A A AL, Han 2817 0038 33 JE ¥ 5) Theta ™ 55 Bl itk
DWA M5BT BRI TS 5L ek, R
R T B R SR IE A T ), H 250 AT
KA A S50, & R IR 5 Jedi s dil Z [P RS 2 B
AL Bn 24 h T — M RBTeAr , = X AR e bk B
Sl B A RS P 1 G — A, [ B A 6 T AR TE O
PXF E SRR M T T AN R G, e DL 4 T AR Al A 5
LRI

25 I, Theta " 3L S 6 O L EG 19 7 R IEZ
W R RS S AR N SRR A AR T %, (A PRI
FHH, Theta " S5 AAC M BRECH DUBSAR K 0 1A
HEHLER NS e 2, ORI Y A W] g TG I S
PRPAT , ELAFAE 5 P i P 1 B 2o 3 1 RS, T DWA B33k
FEREHIHLER NGB, 25 5 Hh BLEH S 00 T I8 8l

M, 3 —FPELS Theta™ F1 DWA AYSALE:  #
TSNS S HRVC T 5 5 24 AL 1 5 ) B K AR e
IR ARAESR Sl 22 HbRG— A, AT 76 &2 24
SRS N R ER I ZEA SERE . BUA Y Theta”
5 DWA RilvG J5 v 20 5 A2 4 B sl o — PR g 48 An A
b, = XF Bé AR e et 38 BT R i R M G —
A, [RlA G T X AR G S5 MELLSE LA R
5 JRh E B SR . AH ST AR SCO N L R
T — 2R Rt 8 4 R AR A B R R aE sl
il & —F P RIMLE 3 A2 T R

1 BRigE

1.1 BEshFEES

ARSI 2 IR SR BhHL A N AR BF e X 4, B g
N2 SRR 1 Fs  ROETE & — 1 BEHLER AL T A
Wb AR (X, LY, ,,0,,), £ EBHEEI3 B Ak, %
H(X,,Y,,0,) BLas NI BEERIBR N b 5 d, B d, 53590
KA, FALEE A A B2 3hE] B 4 [a] i)
PR, BT L Ad, =~ (d,+d,) /2,

Ad,
. - Afek(cos(ﬁH +A6,) —cos(6,_,))
S= |y |= |5 |+ Ad

k
—(sin(0,_, + A8,) —sin(0,_
9, 0, Aﬁk(sm( k-1 k) sm( k 1))

A6,

(D

2RSS BhHL s NIz s B e SCT Hlas AAE
THRFI PSS C AR BRI T e R AR &R
X TR Y A7 ) 2 s K P55 1) D R A
KRS ES % m, PLas AR Z R (X, Y, 0) ik,
Horbr X A Y AURHLER A RO s A2 | 0 R Las Ay )



57 3

fl A Theta F1 DWA Bk FHLES N M5 311 -

A, ZEAR TSR b, LA RSB Ad, X
SR E A LA N B AR AR AR I 8

Y
B
(X, Y. 0)

2 ) |

VA

b ~

X Y. 0,)
X

KNSt e 2ol Ko YN =i it

Fig. 1 Kinematic model of differential drive mobile robot
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